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The resu l t s  of an exper imenta[  investigation into the drying of potato s t a r ch  by t he rma l  rad i -  
ation a r e  p resen ted .  Using the genera l ized  Rb (Rebinder) var iab le ,  the kinetic c h a r a c t e r i s -  
t ics  of the t he rm a l  flux absorbed  by the s t a rch  a r e  es tabl ished.  

In engineering calculat ions re la t ing  to heat  t r e a t m e n t  it is essent ia l  to know the t he rma l  flux (heat 
flow) qab(r) absorbed  by the m a t e r i a l .  

If the heat  is conveyed by radiat ion,  then in o rde r  to calculate  qab(T) we mus t  find the reduced e m i s -  
sion coefficient Cred of the sys t em,  the su r face  t e m p e r a t u r e  of the m a t e r i a l  Ts ,  and the t e m p e r a t u r e  of 
the r ad ia to r s  Tr ;  in o rde r  to calcula te  Cre d we need to know the emiss iv i ty  of the solids undergoing heat  
t r a n s f e r ,  allowing for  the i r  mutual  disposi t ion.  The analyt ical  calculat ion of e r e  d is ve ry  difficult and can 
only be achieved for  ve ry  s imple  cases  [1]. 

One of the mos t  effect ive means  of calculating qab(r) is that proposed by A. V. Lykov [2] based on the 
use  of the genera l ized  Rb var iab le .  

The g r ea t e s t  p rob lem he re  lies in calculating the vo lumet r ic  mean  t e m p e r a t u r e  a f te r  assuming  a 
parabol ic  t e m p e r a t u r e  dis tr ibut ion over  the th ickness  of the m a t e r i a l .  
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Fig. 1. Kinetic c h a r a c t e r i s t i c s  of the drying of s t a rch  
by t h e r m a l  radia t ion at E = 8000 W/m2: 1) drying 
curve;  2) d r y i n g - r a t e  curve;  3), 4), 5), 6), 7), 8), 
9) t e m p e r a t u r e  of the s t a r ch  at d is tances  f rom the 
su r f ace  of 1, 3, 5, 8.5, 11, 13.5, and 15 m m ;  u, %; 
�9 , min; t, ~ du/dT,  %/min.  
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Fig .  2. 1) V o l u m e t r i c - m e a n  t e m p e r a t u r e  of t h e s t a r c h  
[ = f ~ ) ;  2) R e b i n d e r  c r i t e r i o n  Rb = f(u); 3) t h e r m a l  
f lux a b s o r b e d  by the  s t a r c h  q a b ( r ) ;  q in W / m  2. 
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In o r d e r  to  d e t e r m i n e  the  v o l u m e t r i c  m e a n  t e m p e r a t u r e  a s  a funct ion  of the  i n t e g r a t e d  m e a n  h u m i d i t y  
t- = f(u) in the  c o u r s e  of d r y i n g  by th i s  m e t h o d ,  we m u s t  know the  l o c a l  t e m p e r a t u r e s  of the  m a t e r i a l .  

We c a r r i e d  out s o m e  e x p e r i m e n t s  on the  d r y i n g  of n a t i v e  po t a to  s t a r c h ,  a s  a t y p i c a l  c o l l o i d a l  c a p i l -  
l a r y - p o r o u s  s o l i d ,  with u n i l a t e r a l  h e a t i n g  by m e a n s  of a s e t  of ZS-3  m i r r o r  d r y i n g  l a m p s  and n a t u r a l  con -  
vec t i on  of the  a i r .  The  s p e c t r a l  c o m p o s i t i o n  of the  r a d i a t i o n  f r o m  " b r i g h t "  i n f r a r e d  ZS-3  r a d i a t o r s ,  as  
i n d i c a t e d  e a r l i e r  [3], is  b e s t  m a t c h e d  to the  op t i c a l  p r o p e r t i e s  of the  s t a r c h .  The  i n t e n s i t y  of i r r a d i a t i o n  
in ou r  e x p e r i m e n t s  v a r i e d  f r o m  6000 to 9500 W / m  2, a r a n g e  g iv ing  e x c e l l e n t  t e c h n o l o g i c a l  i n d i c e s  of the  
d r i e d  s t a r c h .  The  t h i c k n e s s  of  the  l a y e r  of l o o s e  s t a r c h  was 16 m m ,  the  bulk  d e n s i t y  P0 = 650 k g / m  3. The  
l a y e r - b y - l a y e r  t e m p e r a t u r e  of the  m a t e r i a l  was m e a s u r e d  with c o p p e r - C o n s t a n t a n  t h e r m o c o u p l e s  p l a c e d  
a t  v a r i o u s  dep ths  and r e c o r d e d  on the  p a p e r  of an ~ P P - 0 9 M 1  a u t o m a t i c  r e c o r d i n g  p o t e n t i o m e t e r .  The  
weight  l o s s  of  the  m a t e r i a l  was m e a s u r e d  with a p h o t o b a l a n c e  [4] and r e c o r d e d  a u t o m a t i c a l l y  by the  ~ P P -  
09M1 p o t e n t i o m e t e r .  

F i g u r e  1 r e p r e s e n t s  the  k i n e t i c  d r y i n g  c u r v e s .  We s e e  tha t  the  d r y i n g  of po ta to  s t a r c h  with i n f r a r e d  
r a d i a t i o n  i nvo lves  p e r i o d s  of c o n s t a n t  and f a l l i ng  r a t e s  of d r y i n g .  The  d e v e l o p m e n t  of t he  t e m p e r a t u r e  
f i e ld s  t a k e s  p l a c e  in a v e r y  i n t e n s i v e  m a n n e r .  

Even at  the  onse t  of d r y i n g ,  the  e x c e s s  of the  t e m p e r a t u r e s  at  dep ths  of 1 and 3 m m  (curves  3 and 
4 in F ig .  1) o v e r  t he  t e m p e r a t u r e s  of the  l o w e r  l a y e r s  i n d i c a t e s  tha t  the  i n f r a r e d  r a d i a t i o n  p e n e t r a t e s  to a 
c e r t a i n  f in i te  depth ,  and th i s  l e a d s  to the  m o r e  i n t e n s i v e  h e a t i n g  of t h e s e  l a y e r s .  The  d e t a c h m e n t  of t e m -  
p e r a t u r e  c u r v e s  5, 6, and 7 (Fig .  1) m u s t  c l e a r l y  be  a s s o c i a t e d  with the  d e e p e n i n g  of the  zone  of e v a p o r a -  
t ion .  

Using the temperature curves and the drying curve (Fig. 1) together with the relationships given in 
[2], we calculated }- = f(u) (Fig. 2, curve i). In the period of constant drying rate we noted a certain rise 
in ~, which agreed with the results of the earlier experiments [2] involving intensive modes of heat inflow. 

The sharp rise in t beginning from u = 10% is due to the fact that in this period the greater part of 
the heat is used in heating the material up in preparation for the detachment of the adsorbed moisture, [5]. 

The Rb (Rebinder) number was calculated from the equation [2] 

( " R b =  1 +  cB u l cob 
co / ~ , (1) 

w h e r e  c 0 = f(t-), e B = f(t-), and r = f(t,  u).  In o r d e r  to ob ta in  the  v a l u e s  of e 0 --_f(t) we c a r r i e d  out a s p e c i a l  
i n v e s t i g a t i o n .  The  v a l u e s  of r = f i t ,  u) w e r e  t a k e n  f r o m  [4] and t h o s e  of b and u d i r e c t l y  f r o m  the  d r y i n g  
e x p e r i m e n t s .  

The r e s u l t a n t  Rb = f(~) r e l a t i o n  is  shown in F ig .  2 ( cu rve  2). At  the  beg inn ing  and end of the  d r y i n g  
p r o c e s s  the  v a l u e s  of Rb w e r e  l a r g e  c o m p a r e d  with  t h o s e  in the  p e r i o d  of cons t an t  d r y i n g  r a t e .  Th is  in -  
d i c a t e s  tha t  t he  a m o u n t  of hea t  u s e d  in h e a t i n g  up the  m a t e r i a l  e x c e e d s  the  amoun t  of hea t  r e q u i r e d  for  the  
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evaporat ion of the mo i s tu re .  The l a rge  values of Rb at the onset of drying may  be explained by the fact 
that in these  exper iments  the s t a r ch  drying p roces s  s t a r t ed  f rom u = 35%. For  this m o i s t u r e  content the 
m o i s t u r e  in s t a rch  is main ly  in the combined form,  and s t rong heating is r equ i red  to r emove  it. At the 
end of the drying p roce s s  the re  is a monolayer  of m o i s t u r e  attached to the s t a rch ,  ve ry  s t rongly indeed 
f rom the energy point of view, and this a lso  leads to an inc rease  in the Rb number .  Knowing the Rb = f(~) 
re la t ionship  and being in possess ion  of the d ~ / d r  = f{u) curve,  we may  calcula te  the t h e r m a l  flux absorbed  
by the s t a rch  on drying by t he rm a l  radia t ion f rom the equation [2]. 

qab(T) = poR~,r ~ -  (1 + Rb). (2) 

The resul tan t  qab(T) curve  is p resen ted  in Fig. 2 (curve 3). We see  f r o m  the f igure that the m a x i -  
mum value of qab(r) and its subsequent  fall  belong to the per iod of the initial heating of the m a t e r i a l ,  
cha rac te r i zed  by a complex dis t r ibut ion of m o i s t u r e  content with r e spec t  to th ickness  [6]. In the per iod  
of constant drying ra te ,  this quantity r ema ins  approx imate ly  constant.  In the per iod of falling drying ra te ,  
the absorbed  t h e rm a l  flux d iminishes .  The genera l  tendency toward a fall  in qab(r) during the drying p r o -  
cess  may  be explained by the i nc r ea s e  in the ref lect ion coefficient  with diminishing m o i s t u r e  content [7]. 

Analogous qab(T) re la t ionships  occur  in the drying of potato s t a r ch  by t h e r m a l  radiat ion with other  
radiat ion p a r a m e t e r s .  
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